The availability of powerful but expensive therapeutic means necessitates optimization of risk strat$cation ofpatients with advanced heart failure for both medical and economic reasons. Tradirional methods of heart rate van'-ability have been suffering f i m low predictive accuracy regarding identi$cation of patients who are at high risk of cardiac death, We showed that Lorenz plot based heart rate variability indices are useful in signtjkantly improving risk stratijication in patients suffering from advanced h e m failure.
Introduction
Despite major advances in the prevention and treatment of cardiovascular diseases, in the United States and other Western countries, the results of the Framingham study indicate that the incidence and prevalence of congestive heart failure (CHF) have been significantfy increasing in recent years. At present, over 400,000 new cases of CHF are diagnosed each year, and Americans spend over $ 17 billion annually on treatment for CHF [I] . Although 
Methods

Patients
Between January 1999 and December 1999, fifty consecutive patients were screened who were admitted to our institution with the symptoms of severe CHE They were entered into the prospective study if they fulfilled the following criteria: 
HTX
A1 the first hospital admission, each patient underwent compIete cardiac work up including left heart catheterization and coronary angiography. Left ventricuiar ejection fraction was determined from the left ventriculogram using the single-plane (RAO) method. Each patient also underwent 24-hour Holter monitoring, from which twodimensional Lorenz plots were generated. Clinical characteristics of the patients are summarized in Table 1 . 
Lorenz plot analysis
For LP analysis we developed a dedicated software program that allowed for automatic assessment of the following geometric indices of the LP data points, which we used as HRV indices.
1 .Maximal length of the LP shape projection on bisector: L,, (Fig. I) The Lorenz ptot was represented in the coordinate system (s,y) which was rotated 45" counterclockwise and given by:
where Tk and Tk+l are the kth and the (k + 1)th R-R intervals.
Maximal length of the LP shape was determined by calculating the cumulative density function of R-R intervals scattered parallel to the LP bisector (Fig. 1, left panel) . L,, was defined as the difference Yk0.95 -yko, where Yk0.95 was defined as the 2-vaIue when the magnitude of the sigmoidal function f(yk) reached 95% of its maximum, and yo designates a preset threshold value defining the point of origin of the measurement (Fig. 2, left  panel) . By analogy, W,,, was defined as the difference 5k0.95 -20, where xk0.95 represents the 2-value at which the sigmoidal function f(zk] reached 95% of its maximum, and 20 represents a preset threshold value defining the lateral starting point of measurement (Fig. 2, right  panel) . In the case of additional side lobes (Fig. 3, right panel), only the central data point cloud was scanned and its maximal length and width determined. Thus, the influence on the HRV indices of ectopic beats manifesting in two or more side lobes was eliminated.
' Results
During the follow-up interval, fourteen patients (group A) experienced an endpoint, which was arrhythmic in nine, and mechanical in live cases, while the clinical status of the remaining twenty-two patients (group B) improved significantly or remaincd stable aftcr optimization of medical therapy. Group A and B patients did not differ with respect to age or HRVindex, respectively. In contrast, group A patients showed significantly smaller values for both L, , , (Table 3) .
4.
Discussion
The results of this study show that quantitative HRV indices derived from two-dimensional Lorenz plots may be a valuable 1001 for risk stratification of patienls with advanced CHF. In contrast, time domain HRV indices, such as the HRVindex may not prove helpful in this context. An explanation for this is that, in our study, group A patients had significantly more episodes of frequent ventricular premature beats (Table 2) , which may have affected the HRVindex. In fact, it is well known that non-iinear indices of HRV, such as SDNN and HRVindex, are significantly compromised in the presence of both frequent supraventricular and ventricular ectopy leading to false-positively high values [5] . Therefore, it is highIy likely that, in our group A patients, the true value of the HRVindex wus obscured by the higher incidence of frequent ventricular ectopics impairing the prognostic value of this HRV measure.. Thus, the observation that patients with advanced CHF very frequently present with a high incidence of ventricular arrhythmias may, besides other factors, such as different underlying pathologies, at least used the quantitative LP indices SDI and SD2. The latter, by definition, represent the short (SD1) and the long (SD2) diameter of an ellipse, which is fitted tu the LP data point cloud in such a way that the elIipse's center coincides with the center of inertia [ 10, 1 11. Although, these indices may capture the geometry of a LP showing a torpedo pattern fairly well, they will not be able to correctly account for the shape of a comet pattern, especially if the comet exhibits a significant asymmetry (Fig. 3) . In contrast, the indices L, , , . and Wmax, which we used in this study, do account for the important geometrical LP features of the various torpedo and comet morphologies observed in the CHF patients.
Conclusions
The results of this study suggest that the quantitative Lorenz plot indices L , , , and W,,, may be valuable prognostic markers in advanced heart failure and could be used to tailor an individual therapeutic approach for these patients. 
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